Infection by unusual microorganisms can be one of the clinical manifestations of primary immunodeficiency (PID). We report on a four-month-old child with pneumonia caused by the fungus Acremonium kiliense as the first clinical manifestation of chronic granulomatous disease. We emphasize the importance of an active search for unusual organisms in immunodeficient patients, and a precise diagnosis and early institution of specific treatment against such microorganisms for the reduction of the morbidity and mortality of these patients.
Acremonium kiliense is a saprophytic fungus, characterized by light microscopy as a Gram-positive microorganism with septate hyphae, which presents slow growth in specific culture (Sabouraud agar, glucose and malt extract). This fungus can cause infections, such as dermatophytoses, kerion, onicomycoses, keratitis and mycetomas, in immunocompetent individuals, and pneumonia, arthritis, osteomyelitis, endocarditis, peritonitis, meningitis and sepsis in immunodeficient patients, especially in the presence of risk factors, such as prosthesis, catheters, immunosuppressive therapy and anatomic disorders [1] [2] [3] [4] .
Immunodeficient patients are more susceptible to infections. Among the immunodeficiencies, deficient phagocyte function can lead to recurrent pyogenic or fungal infections, causing an increase in morbidity and mortality. Chronic granulomatous disease (CGD) is a rare inherited phagocyte immunodeficiency, characterized by serious recurrent infections that can begin during the first year of life [5] . These patients are prone to pyogenic and fungal infections, such as cellulitis, folliculitis, lymphadenitis, osteomyelitis, lung infections, and skin and hepatic abscesses [6] [7] [8] [9] , caused by catalase-positive agents (S. aureus, E. coli, Salmonella, Klebsiella, Pseudomonas, Serratia), mycobacteria and fungi (Aspergillus, Candida, Torulopsis). Other opportunistic agents, such as Nocardia asteroids, Francisella philomiragia, Acremonium kiliense, and Legionella gormanii, have been detected in patients with phagocyte disorders [10] [11] [12] [13] [14] [15] [16] [17] .
We describe the clinical manifestations, etiological investigation and the therapeutic approach used for a CGD child with a persistent lung process since the 25 th day of life, which was found to be caused by Acremonium kiliense.
Case Report
A boy delivered by cesarean section without complications, weighing 3,350g, presented with cough, fever and tachypnea by the 25 th day of age. The initial chest radiography revealed hilar pneumonia in the right lung, which was treated with amikacin and oxacillin, with clinical improvement but with persistence of a lung image (Figure 1) . He was referred to our institution for etiological investigation. Physical examination revealed persistent tachypnea, axillary and inguinal adenopathy (0.5 to 1cm in diameter) and decreased murmur, rhonchi and inspiratory rales in the middle 1/3 of the right hemithorax, without wheezing. The liver was palpable 1.5 cm below the right costal margin, without pain in the right upper quadrant.
A chest CT scan showed a large nodular image, with solid and cystic areas in the right lung ( Figure 2 ). The lung biopsy, obtained three months after the onset of symptoms, showed a granulomatous process, with an area of intense necrosis, with the presence of septate hyphae ( Figure 3 ). Ziehl-Neelsen staining was negative for BAAR and culture in Saboraud agar identified Acremonium kiliense, an opportunistic fungus. The patient was then referred to an immunologist to perform an immunological investigation, which revealed normal humoral, cellular and complement function (Table 1) . PCR for HIV was negative. The Nitroblue Tetrazolium test (NBT) was zero. Genetic analysis revealed deficiency in the gp91 subcomponent of NADPHoxidase, confirming the diagnosis of X-linked CGD.
The child received itraconazole orally (10mg/kg/day) for six weeks, with progressive disappearance of symptoms and radiological image. He received subcutaneous gamma-interferon (50mg/m 2 ) three times a week, associated with prophylactic trimethoprimsulfamethoxazole.
Discussion
Bruton published the first description of primary immunodeficiency in 1952, with the identification of hypogammaglobulinemia in a child with recurrent infections. Since then, several primary immunodeficiencies (ID) have been described, with the following warning signs for their identification: two or more pneumonias in one year, eight or more episodes of otitis in one year, persistent thrush for more than two months after the first year of life, deep-seated or severe infection (meningitis, sepsis, osteoarthritis), recurrent giardiasis, respiratory allergy, autoimmune diseases, and clinical phenotype or a family history of immunodeficiency [5] .
The Latin-American Group of Immunodeficiency Diseases (LAGID) carried out an epidemiological survey of primary immunodeficiencies involving 11 countries, including Brazil, adopting a recent classification for PID [15] , and it detected 1,428 immunodeficient patients [18] . Humoral deficiency was the most prevalent (58%), followed by cellular and combined deficiency (23%), phagocyte deficiency (9%), syndromes associated with granulocyte dysfunction (8%), and complement deficiency (2%).
Chronic granulomatous disease (CGD) is a rare immunodeficiency inherited as an X-linked or an autosomal recessive disorder, with a frequency of 1:1,000,000 in the US, 1:300,000 in Japan and 1:160,000 in Denmark. In general, the first clinical manifestation of CGD occurs before three years of age and 95% of the cases are diagnosed by five years [6] . Pyogenic and fungal infections are frequent, and they involve the skin, lymph nodes, lungs, liver, bone, and the gastrointestinal or urinary tract [17] . Few cases are diagnosed during adulthood, and they usually involve the most common recessive form (p47-phox subcomponent deficiency) [6, 9] . The relative frequencies of the different patterns of genetic CGD inheritance have been described by Curnutte [18] . Xlinked inheritance is observed in approximately 65% of patients; it results from mutation in the gene encoding the gp91-phox subunit of the cytochrome b 558 component. The remaining 35% of CGD patients have autosomal recessive disease due to mutations in the genes encoding the remaining three oxidase components, i.e., p22-phox (chromosome 16), p47-phox (chromosome 7) and p67-phox (chromosome 1).
CGD was first described in 1957, in a patient in which the defect of one of two components of NADPH oxidase caused deficient superoxide (0 2 -) and hydrogen peroxide (H 2 0 2 ) production, resulting in disturbances in the oxidative metabolism of phagocytes [5] . The diagnosis of CGD is made by a demonstration of defective microbicidal activity in neutrophils. One of the most frequent tests used is the nitroblue tetrazolium (NBT) reduction test [15] , which detects the reduction of soluble yellowish dye to formazan, a dark blue pigment. This reaction can be stimulated by phorbol myristate acetate or E. coli lipopolysaccharide , which promote an increase in the oxidative burst in 90% to 100% of normal neutrophils. The neutrophils of CGD patients do not produce the anion superoxide, being unable to reduce NBT. Mothers of CGD patients, the inheritance of which is X-linked, show intermediate positivity of the NBT reaction (around 40%), and a diagnosis can be made during the prenatal period by applying the NBT test from the 16 th to the 20 th week of gestation. Acremonium kiliense infection can present as a cutaneous papular eruption, associated or not with other clinical signs, denoting its low pathogenicity. There are few case reports of infections involving the skin, esophagus or heart. This fungus is susceptible to nystatin, ketoconazole, itraconazole and amphotericin B; however, recent reports have described ketoconazole and amphotericin B resistance [3, 4] . The diagnosis can be confirmed by detecting the agent in blood or other fluids, or by a tissue biopsy [19, 20] .
The clinical history of our patient began during the neonatal period, with cough, tachypnea, and a nodular hilar opacification in a chest x-ray. The patient was treated with the usual antibiotics, with improvement of general symptoms, but the nodular image persisted.
Various infectious agents, such as S. aureus, Nocardia, Mycobacterium and Aspergillus, can cause isolated nodular lesions. In children, nodular lesions are rarely related to neoplasms or viral infections, which normally present micro-nodular or interstitial patterns. Therefore, a systematized approach is necessary in these cases, including pulmonary fluid and serial blood cultures, a chest CT scan, and in some cases, a lung biopsy to obtain samples for culture and histological analysis. In this case, Acremonium kiliense was only diagnosed by culture of a biopsy specimen.
This case shows the necessity to search for ID in patients with precocious infection, prolonged or unusual findings caused by uncommon or opportunistic microorganisms, precocious death or immunodeficiency in relatives, syndromes or diseases associated with immunodeficiency and persistent lymphopenia.
Laboratory screening includes a complete blood count and B and T cell subpopulation counts, determination of serum immunoglobulin level, a delayed hypersensitivity cutaneous test, serum complement evaluation, NBT test, and HIV screening, in addition to a chest X-ray for evaluation of the presence of a thymic shadow [15] .
The specific treatment of CGD consists of the control of the infectious processes, broad-spectrum antibiotics for commonly related agents and reevaluation after agent isolation. The early and prolonged use of antimicrobial or antifungal agents is very important for improved outcome of CGD patients. A surgical approach is necessary in cases that tend to present abscess formation or obstructive granulomas [9, 10, 21, 22] . The continuous use of prophylactic therapy with trimethoprim-sulfamethoxazole has reduced the number of serious infections and has increased patient survival [14, 23, 24] . Gammainterferon has been used by CGD patients with immunological problems. This drug acts as a macrophage-activating factor and its administration in vitro and in vivo has provoked an increase in both the production of oxygen intermediates and the killing of bacterial and protozoal pathogens. Various studies have shown its effect on CGD, decreasing the incidence of complications of serious infectious diseases and the duration of hospitalization [23] [24] [25] . Bone marrow transplant is another therapeutic option in the treatment of CGD. The limitations and inherent risks of bone marrow transplants should be considered, except in HLA identical twins, for which the procedure allows cure in some cases [23, 24, 26] . Promising experiments with the use of gene therapy in CGD have been made in rare cases [24, 26, 27] .
Although CGD is very rare ID, an early diagnosis and a specific approach are essential to reduce the morbidity and mortality of these patients.
